Indeed, one of the characteristic features of the disease . is the rare occurrence of more than one case in a given family during a season ....
-Howard T. Ricketts, 1909 [1]
Rocky Mountain spotted fever (RMSF) is a tick-borne disease caused by Rickettsia rickettsii, the case-fatality ratio for which approaches 25% if untreated. Despite the availability of effective antibiotic therapy, the case-fatality ratio has remained at 4% to 10% since the 1950s [2] [3] [4] . The number of reported cases of RMSF in the United States has steadily increased over the past 5 years, and in 1996, cases were at their highest levels in over a decade [5] . Eighty-two percent of reported cases occurred in the South Atlantic and south central regions, with <2% of cases reported from the mountain states [5] .
Although typically considered a sporadic disease, familial clusters of RMSF have been reported occasionally [6] [7] [8] [9] [10] [11] . There have also been reports of foci ("islands") of disease hyperendemicity [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . These foci have encompassed regions as large as entire counties [12, 13, 15] or areas of several square kilometers [12, 17, 18] and discrete geographical units including neighborhoods [22, 23] and urban parks [16] . The recognition of clustering of disease and islands of hyperendem-icity is important for medical providers and public health personnel involved in treating and controlling the disease, because multiple infections can occur simultaneously or following identification of an index case.
Case Report
In August 1997, a previously well 49-year-old American Indian man from Tennessee presented to an emergency department in West Virginia, where he was traveling on business. He had a 5-day history of fever, headache, diffuse myalgias, and vomiting. The patient noted small red "chigger bites" around the ankles but recalled no recent tick bites. Physical examination revealed no identifiable source of infection, and no rash was noted. He was thought to have a viral illness and was discharged receiving symptomatic treatment. However, the symptoms increased, and 2 days later he was taken to a second hospital, where he presented with a temperature of 97. An autopsy revealed pulmonary edema, mild splenic congestion, acute tubular necrosis of the kidneys, and hepatomegaly, but otherwise no specific cause of death was found. Approximately 1 month after his death, PCR testing and immunohistochemical staining of tissue specimens that were performed at the Centers for Disease Control and Prevention (CDC) revealed R. rickettsii in the endothelium of organs including brain, spleen, liver, kidneys, heart, and lung. The Tennessee State Health Department was notified, precipitating an investigation.
Although the patient lived in a primarily urban county, his home was on a heavily wooded lot in a semirural area. In the days preceding his funeral and before discovery of the cause of death, friends and relatives from eight states congregated at his home. Many of these individuals participated in a 72-hour American Indian ceremonial fire on the patient's property. The day after the funeral, the index patient's wife was admitted to the hospital and diagnosed with RMSF. Several other friends and family members subsequently developed symptoms compatible with the disease and were treated presumptively for RMSF.
Methods
A questionnaire was administered to persons reported to have spent time at the patient's home during the week between his death and the time of his funeral. Information was collected on demographic variables, symptoms, treatment, and medical history. Questions were asked about participation in the ceremonial fire, eating or smoking outdoors, going into the woods, tick exposure, repellent use, and other activities and behaviors potentially related to the risk of contracting RMSF.
Serum samples were obtained from consenting participants, and these specimens were tested for IgG antibodies to R. rickettsii by an indirect immunofluorescence assay (IFA) at the CDC [24] . Initial serum specimens were obtained 6-10 weeks after the index patient's funeral. Patients with positive antibody titers were asked for a second serum specimen 4-6 weeks later. Pathological specimens were tested for the presence of spottedfever group (SFG) rickettsiae by using immunohistochemical staining [25] and PCR analysis. PCR products were sequenced and compared with known genetic sequences of rickettsiae [26] .
A confirmed case of RMSF was defined as a clinically compatible illness (fever, headache, myalgia, or rash within 3 weeks of exposure) accompanied by a fourfold or greater change in the titer of antibody to R. rickettsii that was revealed by IFA testing of two separate serum specimens or by demonstration of SFG rickettsiae in a tissue specimen by immunohistochemical staining [27] .
Ticks were collected from the index patient's home property and five similar control sites in the vicinity over a period of 2 successive days, 35 Fifty-five persons were identified as visitors or residents of the index patient's home during the week of his funeral. All but one (98%) of these persons-37 (67%) of whom lived in one of eight states outside of Tennessee-responded to the questionnaire. Thirty-five persons (65%) provided one or more serum specimens for testing; of these persons, 13 (37%) lived in Tennessee, and 22 (63%) lived in other states. After the wife's diagnosis, other family members were notified and urged to seek medical attention. Sixteen family members and friends of the index patient, all of whom spent time at his home during the week before his funeral, received doxycycline to either treat or avert RMSF. Fourteen of these persons were among those submitting serum specimens. Aside from the index patient's wife, brother, sister, and son who were mentioned above, none (table 2) . In some series, as many as 4% to 8% of all NOTE. NS = not specified; RMSF = Rocky Mountain spotted fever.
patients with RMSF were part of family clusters [2, 22] . Similarly, the concepts of islands or foci of disease hyperendemicity have been noted previously (table 3) In the eastern United States, the primary vector of R. rickettsii is Dermacentor variabilis (American dog or wood tick) [4] . Whether the Lone Star tick A. americanum also transmits the disease is debated [3, 4, 67] . Many of the people interviewed in this study described large numbers of small, pinpoint-sized brown "seed ticks" at the home and on their bodies, and other persons denied tick bites but noted numerous itchy red "chigger bites" around the ankles. Seed ticks are the small, six-legged larval stage of hard ticks, including A. americanum, and these ticks can be difficult to see and identify. Some reports suggest that larval A. americanum ticks are capable of biting humans and transmitting R. rickettsii [80] , which may account for some cases of RMSF without a recognized history of tick bite [81] .
Only A. americanum ticks were collected from the index patient's property in this study, although collection did not occur until 5 weeks after his death. Possibly, the tick population had changed in the 5-week interval between his death and collection, and D. variabilis was the vector in this cluster but was not present at the time of collection. The patient's property was heavily wooded, with habitat that would support populations of both species. No obvious factors were apparent to account for the clustering of ticks at the index site, compared with the remarkably lower rate of tick collection from adjacent properties.
This investigation used PCR analysis and gene sequencing to identify rickettsiae; R. amblyommii was found, but there was no evidence of R. rickettsii. The PCR technique amplified and allowed specific identification of DNA from the predominant rickettsial species in the tick pools. The sensitivity of the technique is not known. Possibly, lower levels of R. rickettsii were present in this tick population but went undetected by this method.
Only seven of the 16 persons in this investigation who were treated empirically for RMSF had any type of rash. Previous studies of RMSF suggest that the characteristic rash may be absent in 5% to 34% of patients [ One person who provided serum samples but was not treated for RMSF had a titer of IgG antibody to R. rickettsii of 1:64, which was unchanged when tested again 10 weeks later. He often worked in the woods near the family home and had a long history of frequent tick bites; however, he had never been diagnosed with RMSF and could not recall a specific illness suggestive of the disease. This case may represent a stable, persistent antibody titer from a previous asymptomatic or unrecognized infection with R. rickettsii or possibly another SFG Rickettsia. Serosurveys have revealed detectable titers of antibody to SFG rickettsiae in 11% to 21% of sixth graders [17, 87] and 29% of adults in areas of endemicity [70] . The existence of asymptomatic infections is debated [4] , although the lack of specificity of symptoms makes unrecognized mild infections likely.
This cluster is a salient example of the importance of considering RMSF in the differential diagnosis of patients with febrile illnesses who present in the spring and summer in areas of endemicity. Prophylactic treatment of asymptomatic persons exposed to ticks is not recommended [88, 89] , even in areas where RMSF is endemic. However, because of a lack of specific symptoms or a rapid diagnostic test, empirical treatment of persons with suspected cases is often necessary. Although Ricketts [1] long ago noted their "rare occurrence," family clusters and hyperendemic foci of RMSF may be more common than appreciated. When a case of RMSF is suspected, it is important for family members and physicians to remain vigilant for signs or symptoms consistent with R. rickettsii infection in other persons who may have been similarly exposed.
